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SUMMARY.

A ~nd-t~el investigationwasmadeto detemninetheeffectsof
jet-outletcut-offangleonthedirectionalandspreadingcharacteristics
ofan unheated,subsonicairjet,andonthepitchingmomentofthebody
fromwhichthejetissued.Theoutletwasincorporatedinthetailofan
axiallysymmetricbodyandwascutat anglesof0°,30°,60°,and75°
relativetoa planenormaltotheoutletaxls.

Forcemeasurementsshowedthattheneteffectofcuttingtheoutlet
asmuchas 75° fromnormalwasonlya slightchangeofthepitching
momentofthebody. Thischangewasprobablycaused@marily by .
externalloadsontheoutlets.

In additiontotheforcemeasurements,visualstudiesweremadeof
theflowinthejet’exhaustingfra theoutlets
characteristicsoftheflowinthejetobserved
comparedwithcharacteristicsshownby velocity
airjetsin otherinvestigation.

intostillair. The
inthesestudieswere
profilesmeasuredacross

ImTRoDumoi’v“

Itwasreportedinreference1 thata jetoutletbevel-led25°
(i.e.,cutoffatan angleof25°mbasuredfroma planenormaltothe
axisofthenozzle)causedlittledeflectionofen unheated,subsonic
airjetissuingfroma cylindricalnozzle.Theconclusionswerebased
ontestsin stillair.

In ordertoascertainwhethergreaterjet-outletbevelanglesor Q
externalairflowaffectthedirectionofan ~eated, mibsonicairjet,
thepresentinvestigationwasconductedin oneoftheAmesT–by 10+foot
windtunnels.Theforoesona bodyofrevolutionwitha jetexhaustiq
frama nozzleat thetailintobothstilJ.andmovingairweremeasured.
Thenozzleshapewaschangedby theuseoffournozzleextensionswhich
providedoneoutleti!na planenormaltothenozzlecenterlineandthree
outletsinplanesrotated30°,600,and75° fromtheplaneofthenormal
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adMticmtothewind-tuonelforcetests,visualstudieswere
jetexhaustztngintostilJ-air. ..

IWIW!210N

The followlngsymbolsandmibscriytsareusedinthisreport:

mean aerodynamicchordofasswnedwing,1 foot

+mmnentcoefficientaboutanaxisat 39.35pitching—

6’-itc moment
percentoftiebodylength

=qo )

total~essure,poundspersquarefoot

Mch nuuiber

staticpressure,

-C pressure

younds persquarefoot

assumedwingarea,10 squarefeet

velocity,feetpersecond

angleofattack,degrees

massdensityofair,slugspercubic

Subscripts

jet+utletconditions

maximmvalueforgivenstation

free+treamconditions

MmEG

squarefoot

D

foot

ANDEQurFMmI!

The modelusedinthetestswasa
an outletat thetail. Thebasicbody

streamlinebodyofrevolutionwtth
was76.25incheslcmgandhada
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maximumdiameterof12inches
and2). Aheadofthemaximum
semirqjoraxisof30inches.

at 39.35percentofthelength(figs.1

3.

diameter,thebodywaselli~soidal-titha
A circular-arcfairinawitha radiusof

about42 inchesformedthetransitionbetweenthef&ebodyandtheafte~
bodywhichwasconical.Thediemsteroftheset-outletinthetailof
thebodywas2.43inches.

Thenozzlewasmachinedtoreceiveinterchangeableextensionsas
shownin sectionA4, figure2. Testsweremadewithfournozzleefien–
sions,aueprovidingan outletnormaltothenozzlecenterlineandthe
otherthreeprovidingoutletsbevelled30°,600,and75°measuredfrom
theplaneofthenormaloutlet.(Seefig.3.)

!Ihebodywasmountedinthewindtunnelona single,tubulerstrut
which,inturn,wassupportedintwoballbearingscmthefloatingframe
ofthewind-tunnelbalance.(Seefig.2.) The centerlineofthestrut,
andthereforetheaxisofrotationofthebody,passedthroughth%maxl–
mumdiameterofthebody.

Theonlyrestrainttotherotationofthebodymd strut,besides
frictioninthebearingswhichwasconsideredtobe negilgible,wasthat
causedby a calibratedstraingagemountedas shownin sectionM of
figure2. Thestraingagemeasuredonlythetorque,ormoment,aboutthe
centerofrotationofthebody. The lower endofthetubularstrut
fittedintoa mercurysealandtheupyerportion,%etweenthetumnel
floorandthebody,wasshieldedby a streamlinedfairingvisiblein
figure1. A compressoroutsidethetestchambersuppliedairforthejet.

.
A totalwressuretubeanda thermocouplewereinstalledina plenmn

chamberwithinthemodel,andeachofthenozzleshada static~essure
orificeonitsinnersurface0.25inchaheadofthemostforwardpoint
oftheoutlet.($eefig.2.) Thesetotal–andstatic~resswetubes
wereconnectedtoa Wchmeter,ofthetypedescribedinreference2,from
whichtheMachnuder at theoutletwasreadMrectl.y.The~ch number
indicatedby theMaclmmterwastithin0.01oftheMachnumberdetermined
fromthepressureratioacrossthenozzle.

TE3TSAliDTESTHWEDURE

Thebodywitheachoftheoutletswastestedat anglesofattack
from~“ to1-8°withjetiveloci~ratios(Vj/Vo)ofO, 2.0,3.0, and Q
4-.0.Theoutletdiameter,2.43inches,was aboutone-seventhfullscale
comparedtiththatfora representativejetenginehavinga staticthrust
of4000pomds. Theje*eloci@ ratiosfrom2.0to4.0 representvalues
encounteredinfull-scaleaircraftoperationat speedsfrom700to 300
milesperhourforaltitudesup to40,000feet. Thejet4elocityratio
foreaclijetMachnumberandplenum+hambertemperaturewasvariedby
varyingthetunnelspeed.
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In general,thetestsweremadewiththehighestpracticaltunnel
s~eedandcorrespcmdingjetMachnmber. Theoperatinglimitationswere
thoseimposedby thestrengthofthemodelandstzaingageandby the
capacitgoftheaircom~ressor.Themaximumtunnelsyeedwiththebody
at zeroangleofattackcorrespondedtoa Machnumberofabout0.30and
a Reynoldsnuniberof2,100,000yerfoot. ThemaximumJetvelocity
correspondedtoa @h ntier ofO.8witha pressureratio(Yj/Hj) of
about0.656.ThedynamicpressuresinthewindtunnelandthejetMach
nmbersforW thetestswithexternalairfloware~resentedin
table1.

Visualstudiesoftheflowfromeachoftheoutletsweremadewith
thejetexhaustingatMachnumbersofO.6andO.8intostillair.
Visualizationoftheflowalongtheplainof symnetryofthejetwas
accomplishedby using~et-s@itter@Atesmountedas shmm infigureh.
Theylatesfittedcloselyoutsidethenozzlesaheadoftheoutletsand
extendedtiide thenozzlesthroughtheconstan~ea sectiontothe
low-syeedregionaheadofthenozzlecontraction.A tixtjmeof lampblack
andkerosene,sprayedintothejetsimmediatelyaftertheyemergedfrm
theoutlets,wasde~ositedontheplatesinthemixingregionsofthe
~ets.Thepatternsformedby thelampblackwerephotographed.

Thesignconventionusedinexpressingthepitching+noment coeffi–
cientsforthebodyis showninfigure5. ‘Tofacilitatethetests,
negativeanglesofattackweresimulatedby rotatingthenozzleetien-
Sions180°. Thisprocedurewascheckedby testingthebodywiththe
75°+evelledoutletatan actualnegativeangleofattack.Theresulting
pitchingmomentwasfeud toagree,withintheexperimsnthlaccuracy,
withthatforthebodyat thecorrespon&Lngsimulatednegativeangleof
attack.Forthecalculationofpitching+uommtcoefficientsfromthe
strain~geMM, themodelwasassumedtohavea wingwithanareaof
10 squarefeetanda meanaero@namicchordof1 footinorderthatthe
coefficientswouldhavetheorderofmagnitudeassociatedwitha scale-
modelairplanehavingthetestbodyasa fuselage.Thus,

~=
pitching moment

10 q.

K&emodeloscillatedthroughoutthetestbecauseofminorflow
fluctuationsinthewindtuunel.Themagnitudeoftheoscillations
affectedthestrain-gagereadingstotheextentthatthepitching–
mment coefficientsforthetunnel-ontestscouldbe calculatedwith
anaccuracyofonlyM .001.No tumnel=wal.1correctionswereapplied.

●
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REsuL’rsm

JetOperating,

DISCUSSION

WindTunnelOff

Figures6 and7 showthevariatimofthepitchingmomentandoftie
jetthrustwithJetMachnumberas detezmlnedfrmnstaticbsts. The
pitchingmomentforthebodywiththenormal,orO“+evelled,outletwas
attributedtomisalinementofthenozzlerelativeto themmnentcenter.
Therefore,thesevaluesofpitchingmomentweresubtractedfromthe
totalstaticpitchingmomentsfortheotheroutletsto obtainthevalues
shownby thedashedcurvesofstaticpitchingmomentattributedsolely
toasymmetricaljetaction.Thestaticpitchingmmentforthebody
withthe60°+evelledoutletwasestimatedfromcrossplotsofthedata
fortheotherthreeoutlets.Nomeasurementsofnozzlecoefficientswere
madeinthepresentinvestigation.

As showninfigure6, thepitching+mmentincrementattributedto
asymmetricaljetactionincreasedwithincreasingjetMachnumberand
withincreasingoutletbevelangle,themaximumvaluebeing–1.26 pound-
feetforthe750–bevell.edoutletwitha jet~chnumber of0.8. @
magnitudeoftheforcenecessaryat thetailofthebodytoproducethis
mment wasaboutthatwhichwouldresultfromtheaction,ontheasym-
metricaloutlet,ofthestaticpressuredifferentialwhichexisted
betweenthejetoutletandthestill,externalair,as determineduti-
lizingtheanalysisinreference3 forthemixingofa parallelstream
withtheadjacentair. Thestaticpitchingmomentcorrespondedtoa
deflectionofthejet-thrustdirectionat theoutletplaneofonly0.3°.
Thevalueofthestiticpitchingmomentforthe75°+evelledoutletwith
a jetMachnumberof0.8,ifconvertedtoa pitching+aoment coefficient
fora jet+elocityratioof4.0(q.= 58.8poundspersquarefoot),would
wouldbe only-0.0021,whichis onlyslightlylargerthantheexperimental
uncertaintyofthetests. .

JetOff,WindTunnelOperating

Thevariationsofthepitchin.g+mment coefficientsofthebodywith
outletbevelanglefortiejet-off,tunnel+perati~tests(Vjfio= 0)
foranglesofat@ckfrom-8°to +8°areshowninfigure8. !lheeffect
oftuonelairspeedonthepitching~ nt coefficientswasfoundtobe
small,sothecurvesrepresentaveragesapplicableforallairspeedsin “
thetestrange.Thecurvesindicatethatthecrossflowovertheagp
metricaltailofthebodyastheoutletbevelangleincreasedto60
causeda positiveincrementinthepitching+ument coefficient.However,
fortheextremecaseofthe75°–bevelledoutlet,thepitching+oment
coefficientshaddecreasedtovaluescomparablewiththoseforthe
OO–and~0‘—bevelledoutlets.

.

..——— —— - —–---——- ——
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JetOperating,WindTuonelOperating
.

ThecurvesofTitching+ument coefficientforthejet-on,tunnel-n
tests8re~e~entedtifi~e 9 forje~eloci~ ‘atios(Vjfio)‘f
2.0,3.0,andk.o. Theincreaseofpitching=momentcoefficientwith
increasingoutletbevelanglewasprobablyduetoa omblnationofthe
effectsdiscussedinthetwop?evioussections.However,theeffectof
asymmetricaljetactionwasshowntobe verysmall,sotheincrements
shownh figure9 canbe attributedalmostentirelyto thecrossflowover
thebevelledoutlets.Thereasontheincrementsofpitching+nomentcoef-
ficienttiththejetoperating(fig.9)arelessthanthosewiththejet
off(fig.8),especiallyatpositiveanglesofattack,isyrobablythat
thepresenceofthejetalleviatedmuchoftheeffectofthecrossflow
overtheoutlets.

Thecurvesinfigure10 showtheeffectsofjet-velocityratioand
outletbevelangleonthestabilityofthebmlymoreclearlyandalso
emphasizethattheseeffectsweresmall.Thevariationofthe~itching-
momentcoefficientwiththeangleofattackofthehmiywiththe
OO–and~“-bevelledoutletsisshownforeachoftk threejet-velocity
ratios. In =ch casethebcdywasunstable,buttheeffectofincreasing
thebevelanglewasslightlystabilizing,especiallyatne~tiveangles
ofattack.Theeffectofincreasingthejet-velocityratiowasalso
sl@WLy stabilizing,especiallyforthelargeroutletbevelangles,and
wasprobablytheresultofsmallchangesintheexternalsurfacepres-
suresnearthejetoutletas thejet-velocityratiowasvaried.

FlowStudies;JetOperating,Wind

Flow-studyphotographsofthejetissuing
oftheoutletsforjetlhchnumbersof0.6and
figuresU.through14. lkmauseoftheeffects

TunnelOff

intostillairfromeach
0.8arereproducedin
ofboundary-layergrowth

.

alongtheplatesandtheinterferenceoftheplateswiththejet,this
flowvisualizationtechniquemajnotpresentan accuratemeasureofthe
characteristicsofa freejet. Bhwever,themagnitudeoftheseeffects
isprobablysmallinthehigh+elocityc=tralregionofthejetwhere
theflowpatte?msaresufficientlycleartopermitcomparisonwithjet
characixmisticsdeterminedfrompressuresurveysinreferences1 and4.

lRmmmeasuranentsmadeonthePhotographoftheflowfrmathenormal,.
orO“+evelledoutlet,fora jetMachnmber of0.8(fig.15),the
approximateboundariesofthejet(boundaryA) andofthepotentialcore’
(boundaryB, enclosingthecleartriangularareaextendingfromtheoutlet, “
inwhichthevelocitywasequalto thevelocityattheoutlet)havebeen
plottednondimensianallyinfigure16. bcludedinthefigureareexperi-
mentalpointsdeterminedfromvelocityprofilesmeasuredinotherinvesti-
gations(references1 and4) designatingjetandpotential+oreboundaries.
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Thepotential-coreboundaryfromtheflowyictures(boundaryB) agrees
wellwiththeexperimentalpoints,butthejetboundary(A)liesoutside
theboundariesdetemninedfromthevelocityprofiles,probablybecause
oftheboundary-layerandinterferenceeffectsoftheplates,mentioned
previously,~d becauseoftheexcessofthekerosene-langhl.ackmixture
at thejetboundaries.

Theasymetryofflowinthemhing regionsandaroundtheyotential
coreofthejetcanbe seeninthepicturesforthebeveld.edoutlets
(figs.11-lk). Onecharacteristlcishownby thesepicturesisthatthe
slopeoftheboundaries,orelements,oftheyotentialcoreremained
essentiallyconstantforalltheoutlets,theeffectofthebevelhaving
beenmerelytotianslateelementsofthecorerearward.Theapexofthe
core,therefore,wasdis@acedfromthecenterlineofthenozzleas
illustratedby thefollowingsketch:

Nozzle
—%

Parallel
——-—— -- potential-core

elements

/
/

——~.
/

/ Bevel-ledoutlet

> ~o~l outlet ~

Insofaras theflowpicturesafforda basisfora qualitativec-

F
sonofthecharacteristicsoftheflowfromthevariousoutlets

seefigs.U–14),twoeffectsareworthyofmention.Forthebevel.led
outlets,thepotential-coreboundary(B)vaidedinthemannerjustdes–
cribed,andthejetbomdary(A)indicatedanasymmetzyinthes~reading
ofthejetwhichbecamemorepronouncedas theoutletbevelanglewas
increased.

Forcetests
sonicjetofair

CcmmmmG REMARKS

madewitha bodyofrevolutionwithanunheated,sub-
eximzstingfromthetailshowedthatonlysmallchanges

inpitchingmomentwerecausedby cuttingofftheoutletatanglesof-
30°,60°,and75°, measuredfroma planenormaltotheoutletads.
Thechangesweretheresultoftwoopposingfactors,a verysmall

+omentincrementattiil@edtotheasymmetricalactionofthepitching.
jetanda largerincrementattributedtotheasymmetryoftheexternal
forcesonthebevelledoutlets.

— .—. ——— .. . —-— — ———. ————. .—--––
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visualstudiesoftheflowinthejetsexhaustingintostillair
werecomparedwithjetcharacteristicsd.etemninedframvelocityprofiles
measuredin otherinvestigations.
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TABLEI.–JEl?m~
OPERU’INGCONDITTOI?S

3.0

4.0

O.&)Mj

0.4
●5

:2
.6

.7

.75

.8

::

.8

::

::

%
average

[lbpersqft)

57.6
90.0

126.6
126.6
126.6

77.6
89.7

101.3
101.3
101.3

-

58.8 .
58.8
58.8
%$
58.8

,
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(a)Front tiew.
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(b) Rear tiew s- 60°+-eVFILI~outlet.

Figlrre1.- !l?estWdy insti~ in one of’the A.IMB ~- by l&foot wind tuoneb.
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Wind-tunnel floor
1 7

I
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*
— Tatef-presswe tube

—4.525 to f 60”

— 600- -0.s0
‘awo Tube from

Stotic orifice

Floo;hii:m#e _

7
> B

Sectfbn A-A
Plan dew

&?cthn B–B
Wm VJ9W

E-+-
Side dew

Figure2.- Defds of body-mounthgmefhoclnozzlehstdhtion,unds)’rah-
gage instahtion.

o
..

—....—..—..-—— ...— — -— .. ——— -.— —.—.——— —



i

n

—z .. .-— —



.

—

1

.

+

(a)O“+evelledoutlet.

L
(b)30°+ewlledoutlet.

Fi&e 3.–Nozzles.
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(c)60°-be%lledoutlet
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Figme k.- Jetaplittirpla~ Imtdled for flowTimelizatim. 60°-bemlled mtlet.
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figure 5- S@n txwentrnn used in cokuhiion of pitching moments
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Jet Muchnmber

Figure Z—$taticthud of jet issuingfrom bevelkdoutlets.
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Figure8.- Voriim’ionof pitching-momentcoefficient@h outlet bevel

angle from jet-off tests. ~/~, O.
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Figure9.—Continued.
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1-

8 -6 -4 -2 0 2 4 6 8
Angr’eof attack, a, deg _

FigureIQ– Vuriotionof ‘pitching-momentcoefficientwith angleof attack
fromjet-on tests.
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(a)Mj,0.6

(b)Mj,0.8

FigureU..-Flowpicturesof jetexhaustingintostillairfortwojet
Machnumbers.O“-tivel.ledoutlet.
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(a)Ms,0.6

---i!ll.-—....

31

(b) Mj,0.8 ~
A-15643

Figure12.–lllowpictures‘ofjetexhaustingintostillairfortwojet
Mch nuribers.30°–%evel.ledoutlet.
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(a)Mj,0.6

(b)Mj,0.8 =@@=
A-15644

33

Figure13.–Flow picturesof jetexhausting”intostill.a& fortwojet
lkchmuibers.60°-bevel.ledoutlet.
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Figure

.

(a) Mj,0.6

.— .

(b) Mj,0.8 w
A-

14.- Flowpictmesof jetexhaustingintostillairfor
Machnunibers.75°—bevelledoutlet.
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IHgure15.-I’lowpicturefor OO%velled outletwith jetezbaustlnginto stCllah, Showingboundaries~
flowregionsh the jet. Ms, 0.8.
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